Materials and methods

Peptide array synthesis using spot technology
A cellulose membrane (grade 542; Whatman, Maidstone, UK) was activated using β-alanine as the Nterminal basal spacer. Activated Fmoc amino acids (0.5 M) were spotted on the membrane using a peptide auto-spotter (ResPepSL; Intavis AG, Köln, Germany), in accordance with the manufacturer's instructions.
Briefly, after addition of the first residue, the remaining amino groups were blocked by 4% acetic anhydride. With each elongation step, the membrane was deprotected with 20% piperidine in N,N′-dimethylformamide (DMF) and subsequently washed thoroughly with DMF and then ethanol. After the final deprotection, side-chain protecting groups were removed with a solution of mcresol:thioanisol:ethandithiol:trifluoroacetic acid (1:6:3:40) for 3 h. Finally, the membrane was thoroughly washed with diethyl ether, ethanol, and Tris-buffered saline (TBS; pH 7.4), and dried without heat. The synthesize peptide list was shown in supplementary Table 1 .
Evaluation of AuNP biomineralisation activity on peptide array and colour analysis
To evaluate the AuNP biomineralisation property of the peptide library, synthesized peptide array was incubated in 0.5 mM HAuCl 4 containing TBS buffer (pH 7.4) for 1h. Then, the membrane was washed with TBS buffer and scanned (Canon, LiDE220). The R, G and B value of each peptide spot were evaluated using ImageJ software and the chromaticity value was manually calculated as C x = x/(R+G+B), where R, G and B are the averaged pixel's red, green and blue values (x=R, G or B). To screen effective peptides for colour selected AuNP biomineralisation, after listing top20 peptides for red, green and blue AuNP biomineralisation according to C x , the list was aligned by the RGB intensity for the selection of high mineralisation activity. As (R,G,B) = (0,0,0) and (R,G,B) = (255,255,255) means black and white colour, respectively, highly active mineralisation peptide spot reveals low summed value of RGB. Based on these two criteria, 10 candidate peptides for each colour biomineralisation were selected and named as R1-R10, G1-G10, and B1-B10. In addition, null or weak biomineralisation peptides were simply selected from the summed value of RGB and named as N1-N10.
Evaluation of AuNP biomineralization in aqueous condition using peptides
Candidate peptides were chemically synthesized (Initiator + Alstra, Biotage, Japan) and purified with HPLC (purity > 90%). All purified peptides were dissolved in TBS buffer (pH 7.4), except R2 (WREWSHRWPW) and G3 (GMWHIEHIWL) peptides. As these two peptides were undissolved in TBS buffer, the peptides were dissolved in 20 µL of 100% DMSO and added in TBS buffer. By the adding of HAuCl 4 , the biomineralisation event was started.
Transmission electron microscopic (TEM) analysis was conducted using a Hitachi H7650 microscope (Hitachi, Tokyo, Japan) operating at a working voltage of 100 kV. The specimens were prepared by dropcasting 1.5 µL of the sample dispersion onto a formvar-coated 200-mesh Cu grid. The average sizes (±SD) were obtained by manual counting of more than 200 randomly selected particles in TEM images. UV-Vis optical absorbance of the AuNPs was measured using a microtiter plate reader (PowerScan 4, DS Pharma Biomedical Co., Ltd., Osaka, Japan).
